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(57) ABSTRACT 
A method and system for generating 3D images of faces 
from 2D images, for generating 2D images of the faces at 
different image conditions from the 3D images, and for 
recognizing a 2D image of a target face based on the 
generated 2D images is provided. The recognition system 
provides a 3D model of a face that includes a 3D image of 
a standard face under a standard image condition and 
parameters indicating variations of an individual face from 
the standard face. To generate the 3D image of a face, the 
recognition system inputs a 2D image of the face under a 
standard image condition. The recognition system then 
calculates parameters that map the points of the 2D image to 
the corresponding points of a 2D image of the standard face. 
The recognition system uses these parameters with the 3D 
model to generate 3D images of the face at different image 
conditions. 

304 

305 

306 

307 

  

  

  

  

  

  

  

  

  



US 2006/0245639 A1 , 2006 Sheet 1 of 6 Patent Application Publication Nov. 2 

I POICH 

  



US 2006/0245639 A1 Patent Application Publication Nov. 2, 2006 Sheet 2 of 6 

Z 'OIGH deuu 

  



Patent Application Publication Nov. 2, 2006 Sheet 3 of 6 US 2006/0245639 A1 

create 3D image 

301 

input 2D image 

3O2 

locate feature points 

303 

calculate coefficients 

304 

compute 3D 
feature points 

305 

align feature points 
to 2D image 

306 

interpolate 
non-feature points 

307 

perform 2D 
image texture map 

FIG. 3 



Patent Application Publication Nov. 2, 2006 Sheet 4 of 6 US 2006/0245639 A1 

calculate 
coefficients 

401 

S = S, 

4O2 

calculate 
T - C 

403 

S = S, / c - T 

404 

406 

converges 

return 

FIG. 4 

    

  



Patent Application Publication Nov. 2, 2006 Sheet 5 of 6 US 2006/0245639 A1 

perform 2D 
texture map 

501 

project2D image 
to 3D image 

502 

select next point 

all already selected 

504 

select next 
radial point 

all already selected 

FIG. 5 

  

  

  

    

  

  

  



Patent Application Publication Nov. 2, 2006 Sheet 6 of 6 US 2006/0245639 A1 

601 

select next 3D image 

N 

all already selected 

603 

Select next PIE 

all already selected 

N 
605 

generate 3D 
image at PIE 

606 

project 3D image 
to 2D image 

607 

score 2D image and 
target 2D image 

FIG. 6 

target 2D image 

608 

select3D image 
with highest score 

  

  

    

  

  

  

  

  

  



US 2006/0245639 A1 

METHOD AND SYSTEM FOR CONSTRUCTING A 
3D REPRESENTATION OF A FACE FROMA 2D 

REPRESENTATION 

TECHNICAL FIELD 

0001. The described technology relates generally to rep 
resenting objects to assist in object recognition and particu 
larly to representing faces to assist in face recognition. 

BACKGROUND 

0002 The automatic recognition of faces is becoming 
increasingly important in several applications such as Secu 
rity and processing of digital photographs. In security appli 
cations, automatic face recognition can be used to identify 
persons of interest or to confirm the identity of a person 
seeking access to a resource. In digital photography appli 
cations, automatic face recognition can be used to identify 
the people within each photograph. The knowledge of which 
people are in which photographs can be used to help 
organize the collection. 
0003 Conventional techniques for automatic face recog 
nition do not perform satisfactorily for various reasons. 
Although automatic face recognition when presented with 
an image condition of frontal face with indoor lighting can 
be performed with 90% accuracy, the accuracy reduces 
significantly when the image conditions, such as pose, 
illumination, and expression, vary. For example, when a face 
of an image is at a 45 degree angle with an exaggerated 
expression (e.g., big Smile) under poor illumination, it can 
be extremely difficult to automatically recognize the identity 
of the face. 

0004 Conventional techniques use various strategies to 
automatically recognize faces. Some techniques attempt to 
normalize target faces to a standard image condition. Some 
2D techniques normalize target faces to an image condition 
that is the same as the image condition of a corpus of faces. 
Some 3D techniques attempt to warp non-frontal faces to 
frontal faces using a cylinder geometry. These techniques 
may train a classifier using the corpus or check specific 
features that are invariant to different image conditions. 
Because the 2D techniques do not consider specific struc 
tures of faces, their results can be less than acceptable. 
Although the 3D techniques overcome this limitation, they 
may require manual labeling or may be time-consuming. 
0005. Other techniques utilize a corpus with multiple 
images of a face covering different image conditions. These 
techniques then try to match a target face to one of the 
multiple images. It can be, however, very time-consuming to 
create the corpus or difficult to collect multiple images when 
the persons of interest are not readily available. Moreover, in 
practice, since the images of target faces may not match the 
image conditions of the corpus, the results of recognition can 
be less than acceptable. 
0006. It would be desirable to have a technique for 
automatic recognition of faces or other objects that would 
overcome some of the limitations of these conventional 
techniques. 

SUMMARY 

0007. A method and system for generating 3D images of 
faces from 2D images, for generating 2D images of the faces 
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at different image conditions from the 3D images, and for 
recognizing a 2D image of a target face based on the 
generated 2D images is provided. The recognition system 
provides a 3D model of a face that includes a 3D image of 
a standard face under a standard image condition and 
parameters indicating variations of an individual face from 
the standard face. To generate the 3D image of a face, the 
recognition system inputs a 2D image of the face under a 
standard image condition. The recognition system then 
calculates parameters that map the points of the 2D image to 
the corresponding points of a 2D image of the standard face. 
The recognition system uses these parameters with the 3D 
model to generate 3D images of the face at different image 
conditions. The recognition system also texture maps the 2D 
image to the 3D image and interpolates for points occluded 
in the input 2D image. The recognition system generates 2D 
images derived from a 3D image of the face at different 
image conditions and uses those 2D images to recognize the 
face of a target image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a diagram that illustrates the processing 
of the recognition system in one embodiment. 
0009 FIG. 2 is a block diagram that illustrates compo 
nents of the face recognition system in one embodiment. 
0010 FIG. 3 is a flow diagram that illustrates the pro 
cessing of the create 3D image component of the recognition 
system in one embodiment. 
0011 FIG. 4 is a flow diagram that illustrates the pro 
cessing of the calculate coefficients component of the rec 
ognition system in one embodiment. 
0012 FIG. 5 is a flow diagram that illustrates the pro 
cessing of the perform 2D texture map component in one 
embodiment. 

0013 FIG. 6 is a flow diagram that illustrates the pro 
cessing of the recognize 2D image component of the rec 
ognition system in one embodiment. 

DETAILED DESCRIPTION 

0014) A method and system for generating 3D images of 
faces from 2D images, for generating 2D images of the faces 
at different image conditions from the 3D images, and for 
recognizing a 2D image of a target face based on the 
generated 2D images is provided. In one embodiment, the 
recognition system provides a 3D model of a face that 
includes a 3D image of a standard face and parameters 
indicating variations of an individual face from the standard 
face. The recognition system may generate a 3D image of a 
standard face by analyzing a corpus of 3D images of faces 
that are presented in a standard image condition Such as a 
frontal pose with neutral expression and with normal illu 
mination. To generate the 3D image of a face, the recogni 
tion system inputs a 2D image of the face under the standard 
image condition. The recognition system identifies feature 
points, such as various contour points of the face, eye 
centers, mouth ends, and nose tip, of the 2D image. The 
recognition system then calculates parameters that map 
identified feature points of the 2D image to the correspond 
ing feature points of a 2D image of the standard face. The 
recognition system also texture maps the 2D image to the 3D 
image and interpolates for points occluded in the input 2D 
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image. The recognition system uses these parameters with 
the 3D model to generate 3D images of the face at different 
image conditions. The recognition system generates 2D 
images derived from a 3D image of the face at different 
image conditions. The recognition system applies this pro 
cess to a collection of 2D images of faces under a standard 
image condition to generate a corpus of 2D images of the 
faces under varying image conditions. Thus, the recognition 
system uses the 3D model to generate 2D images of faces 
under various image conditions. To recognize a target image, 
the recognition system identifies which 2D image of the 
corpus best matches a 2D image of a target face. The 
recognition system may alternatively generate the 2D 
images of a face under the various image conditions dynami 
cally from the 3D image using the 3D model and the 
parameters for that face. In this way, the recognition system 
can automatically generate 2D images of faces under various 
image conditions and use those 2D images to recognize a 
target face in a 2D image. 
0015. In one embodiment, the recognition system inputs 
a 2D image of a face with a standard image condition. The 
recognition system then identifies the various feature points 
of the 2D image using an alignment algorithm such as that 
described in S. C. Yan, M. J. Li, H. J. Zhang and Q. S. 
Cheng, “Ranking Prior Likelihood Distributions for Baye 
sian Shape Localization Framework. Proceeding of the 9th 
International Conference on Computer Vision, France, Nice, 
pp. 51-58, Oct. 13-16, 2003. The recognition system uses a 
morphable 3D model of a face to generate the 3D images of 
a face under various image conditions. The recognition 
system represents a 3D image with a face vector S=(X, Y, 
Z, X. . . . Y., Z)"e" in which X, Y, and Z are 
coordinates of the n points of the 3D image. The recognition 
system bases the 3D model on the 3D image of a standard 
face under standard image conditions. The recognition sys 
tem may generate the standard face from a corpus of 3D 
images as the average of the images. The recognition system 
applies Principal Component Analysis to more compactly 
represent the 3D image of the standard face to reduce the 
computational complexity. The recognition system repre 
sents the 3D model by the following equation: 

S–S+Poi. (1) 
where S is the shape vector of the standard face, Pe)"*" 
is the matrix of the first m eigenvectors of S derived from the 
application of the Principal Component Analysis, and 

d=(C, C2, ..., C.)"et" are the coefficients or parameter 
vector of an individual face. The recognition system gener 
ates the parameters for each face that is represented in the 
corpus. 

0016 To calculate the parameters, the recognition system 
uses t two-dimensional feature points to reduce the compu 
tational complexity and to filter out points that have seman 
tic meaning and can be corresponded to points in the 3D face 
model (e.g., eye corners, nose tip, and mouth corners). The 
recognition system represents the feature points by the 2D 
face vector S=(X, Y,X2,..., X, Y)", where X and Y 
are coordinates of the feature points taken from the 3D face 
vector on the face. The recognition system represents the 2D 
model corresponding to Equation 1 by the following equa 
tion: 

S-S-I-P. c. (2) 
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where Set" and Pres" are the X and Y coordinates of 
the feature points of S and P. respectively. 

0017. Since an input 2D image whose parameters are to 
be calculated may be in a different coordinate system than 
the standard face, the recognition system transforms the 
standard face from the standard coordinate system to the 
input coordinate system. The recognition system represents 
the transformation by the following equation: 

where S"represents the face vector of the input 2D image, 
Strepresents the transformed face vector, Tes) represents 
a translation vector, and ce) represents a scale factor. Since 
the 2D image and 3D model are both frontal, the recognition 
system need not apply a matrix to rotate the 2D image. The 
recognition system derives the parameter vector of from 
Equation 2 using the following equation: 

c=(PP)'P' (S-S). (4) 
0018 To avoid outliers, the recognition system applies 
priors to constrain the parameter vector using the following 
equation: 

where A=diag(V1, V2. . . . . V.), W represents a weighting 
factor, and V represents the ith eigenvalues calculated when 
the recognition system applied Principal Component Analy 
sis to the 3D image of the standard face. 

0019. The recognition system solves for the parameter 
vector iteratively by calculating a transformation for the 
coordinate systems, transforming the input 2D face vector 
using Equation 3, calculating the parameter vector from the 
transformed input 2D face vector using Equation 5, and then 
recalculating a new input 2D face vector using Equation 2. 
The recognition system repeats these steps until the param 
eter vector converges on a solution. The recognition system 
initially sets S' to Sr for calculating the transformation. The 
recognition system then calculates the average offsets of all 
t feature points of S" to the origin along the X and Y axes 
using the following equation: 

1 (6) 
T - (T., Ty)' = iXS, 

where T, and Ty represent the average offsets for X and Y 
respectively and T=(T. T. Tx. T.)" represents the 
translation vector. The recognition system represents the 
scale factor by the following equation: 

t (7) 

X. <S - (T, Ty), S > 
i=l 

C 
t 

XIIS, II? 
i=1 
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0020. The recognition system then calculates a trans 
formed face vector S'fusing Equation 3. The recognition 
system then calculates the parameter vector o using Equa 
tion 5 and then calculates a new face vector S'by applying 
the parameter vector di to Equation 2. The recognition 
system repeats this processing until the parameter vector o 
generally converges to a fixed value. The recognition system 
then uses the parameter vector c in Equation 1 to generate 
the 3D image of the face at the feature points. The recog 
nition system then aligns certain feature points with the 2D 
image and interpolates the non-feature points of the 3D 
image. 
0021. The recognition system texture maps the 2D image 
of the input face to the 3D image by projecting the 2D image 
orthogonally onto the 3D image. The recognition system can 
also use a Principal Component Analysis to reduce the 
complexity of the mapping. After the 2D image is directly 
mapped to the 3D image, it is possible that no color 
information is available for Some points because they are 
occluded in the frontal face image. The recognition system 
uses a linear interpolation algorithm to generate the missing 
color information from known color information. In one 
embodiment, the recognition system calculates missing 
color information from known color information that is 
radially located from the points with missing color inferred. 
The recognition system calculates the missing color infor 
mation using the following equation: 

(8) 
X. (A1, C(R,G,B) 

C(R,G,B) = 
X i 
i=l 

where P, (i-1,2,..., n) represents the points at which the 
radials from point P intersect points of known color infor 
mation, C(R,G,B) represents the RGB color of a point, and 
=1/D, where D, is the distance between P and P. If P is at 

the edge of the image, then W is set to 0. 

0022 FIG. 1 is a diagram that illustrates the processing 
of the recognition system in one embodiment. The recog 
nition system inputs 101 a 2D image of the face under a 
standard image condition. The recognition system then 
aligns 102 the image to identify the feature points of the 
image. The recognition system then constructs 103 the 3D 
image for the input face using the algorithm described 
above. The recognition system texture maps 104 the 2D 
image to the constructed 3D image. After the 3D image is 
created, the recognition system can use standard techniques 
to generate 105 additional 3D images under various image 
conditions. The recognition system may map 106 these 3D 
images to 2D images and store them in a database. To 
recognize a target face, the recognition system inputs 107 
the 2D image of the target face and then compares it to the 
2D images of the database to find the closest matching 2D 
image in the database. The recognition system recognizes 
108 that person of that 2D image as the person of the target 
face. 

0023 FIG. 2 is a block diagram that illustrates compo 
nents of the face recognition system in one embodiment. The 
recognition system 200 includes a 3D image corpus 201, a 
generate 3D model component 202, and a 3D model store 
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203. The generate 3D model component generates a 3D 
image of a standard face by averaging the 3D images in the 
corpus. The component may also normalize the 3D images 
of the corpus to the standard image condition. The compo 
nent generates an eigenvector matrix and eigenvalues for the 
3D image of the standard face. The component stores the 3D 
image of the standard face and the eigenvector matrix and 
eigenvalues in the 3D model store. The recognition system 
also includes a 2D image store 204, a create 3D image 
component 205, a calculate coefficients component 206, a 
perform 2D texture map component 207, a generated 2D 
image store 208, and a recognize 2D image component 209. 
The 2D image store contains the 2D images under standard 
image conditions of faces to be recognized by the recogni 
tion system. The create 3D image component applies the 
algorithm as described above to generate the 3D images 
corresponding to the 2D images of the 2D image store. The 
component invokes the calculate coefficients component to 
perform the iterations of the algorithm and the perform 2D 
texture map component to perform the texture mapping. The 
component stores the 2D images in the generated 2D image 
store. The recognize 2D image component is invoked to 
recognize a target face of a 2D image based on the images 
of the generated 2D image store. 

0024. The computing device on which the recognition 
system is implemented may include a central processing 
unit, memory, input devices (e.g., keyboard and pointing 
devices), output devices (e.g., display devices), and storage 
devices (e.g., disk drives). The memory and storage devices 
are computer-readable media that may contain instructions 
that implement the recognition system. In addition, the data 
structures and message structures may be stored or trans 
mitted via a data transmission medium, Such as a signal on 
a communication link. Various communication links may be 
used. Such as the Internet, a local area network, a wide area 
network, a point-to-point dial-up connection, a cell phone 
network, and so on. 

0025 Embodiments of the recognition system may be 
implemented in various operating environments that include 
personal computers, server computers, hand-held or laptop 
devices, multiprocessor systems, microprocessor-based sys 
tems, programmable consumer electronics, digital cameras, 
network PCs, minicomputers, mainframe computers, dis 
tributed computing environments that include any of the 
above systems or devices, and so on. The computer systems 
may be cell phones, personal digital assistants, Smart 
phones, personal computers, programmable consumer elec 
tronics, digital cameras, and so on. 
0026. The recognition system may be described in the 
general context of computer-executable instructions, such as 
program modules, executed by one or more computers or 
other devices. Generally, program modules include routines, 
programs, objects, components, data structures, and so on 
that perform particular tasks or implement particular abstract 
data types. Typically, the functionality of the program mod 
ules may be combined or distributed as desired in various 
embodiments. 

0027 FIG. 3 is a flow diagram that illustrates the pro 
cessing of the create 3D image component of the recognition 
system in one embodiment. The component inputs a 2D 
image of a face and generates a 3D image of the face. The 
component may also generate 2D images of the face under 
varying image conditions based on the 3D image of the face. 
In block 301, the component inputs a 2D image of a face. In 
block 302, the component locates the feature points of the 
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input 2D image. In block 303, the component invokes the 
calculate coefficient component to calculate the parameters 
for the 3D model that match the input 2D image. In block 
304, the component computes the 3D feature points of the 
3D image using the 3D model and the calculated parameters. 
In block 305, the component aligns the feature points to the 
2D image. In block 306, the component interpolates the 
non-feature points of the 3D image. In block 307, the 
component invokes the perform 2D texture map component 
to texture map the input 2D image to the generated 3D 
image. The component may use standard techniques to 
generate 3D images under varying image conditions from 
the generated 3D image. The component may then generate 
2D images from the 3D images and store them in the 
generated 2D image store for use in recognizing a target 
face. The component then completes. 
0028 FIG. 4 is a flow diagram that illustrates the pro 
cessing of the calculate coefficients component of the rec 
ognition system in one embodiment. The component loops 
performing the algorithm described above until the param 
eter vector converges on a solution. The algorithm may 
terminate on other conditions such as the face vector con 
Verging, after a fixed number of iterations, after a fixed time, 
and so on. In block 401, the component initializes a face 
vector to the average face vector. In block 402, the compo 
nent calculates the transform vector and the scale factor 
using Equations 6 and 7 based on the face vector. In block 
403, the component calculates a new face vector applying 
the transform vector and scale factor in Equation 3. In block 
404, the component calculates the parameter vector using 
Equation 5. In decision block 405, if the calculated param 
eter vector is within a threshold of the parameter vector 
calculated during the previous iteration, then the iterations 
have converged on a solution and the component returns, 
else the component continues at block 406. In block 406, the 
component recalculates the face vector using the 2D model 
of Equation 2 and then loops to block 402 to perform the 
next iteration. 

0029 FIG. 5 is a flow diagram that illustrates the pro 
cessing of the perform 2D texture map component in one 
embodiment. The component orthogonally projects the 2D 
image onto the 3D image and then fills in missing color 
information derived from known color information. In block 
501, the component projects the 2D image onto the 3D 
image. In blocks 502-507, the component loops selecting 
each point with missing color information and interpolating 
new color information for that point. In block 502, the 
component selects the next point that is missing color 
information. In decision block 503, if all such points have 
already been selected, then the component returns, else the 
component continues at block 504. In blocks 504-506, the 
component loops accumulating the color information of 
radial points with known color information. In block 504, 
the component selects the next radial point with known color 
information. In decision block 505, if all the radial points 
have already been selected, then the component continues at 
block 507, else the component continues at block 506. In 
block 506, the component accumulates the color information 
using a weighting factor based on the distance of the radial 
point from the selected point. The component then loops to 
block 504 to select the next radial point for the selected 
point. In block 507, the component normalizes the accumu 
lated color information by the sum of the weights and then 
loops to block 502 to select the next point. 
0030 FIG. 6 is a flow diagram that illustrates the pro 
cessing of the recognize 2D image component of the rec 
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ognition system in one embodiment. The component is 
passed a 2D image of a target face and determines which 2D 
image generated from the 3D images under varying image 
conditions most closely matches the target face. Alterna 
tively, the recognition system may store the 2D images in the 
generated 2D image store rather than recalculate the 2D 
images in this component. In block 601, the component 
selects the next 3D image. In decision block 602, if all the 
3D images have already been selected, then the component 
continues at block 608, else the component continues at 
block 603. In block 603, the component selects the next 
image condition. In decision block 604, if all the image 
conditions have already been selected for the selected 3D 
image, then the component loops to block 601 to select the 
next 3D image, else the component continues at block 605. 
In block 605, the component generates a 3D image under the 
selected image condition using conventional techniques. In 
block 606, the component projects the generated 3D image 
onto a 2D image. In block 607, the component scores the 
closeness of the projected 2D image to the 2D image of the 
target face. The component then loops to block 603 to select 
the next image condition. In block 608, the component 
selects the 3D image with the highest score as representing 
the recognition of the target face. The component then 
completes. 
0031. From the foregoing, it will be appreciated that 
specific embodiments of the recognition system have been 
described herein for purposes of illustration, but that various 
modifications may be made without deviating from the spirit 
and scope of the invention. The recognition system can be 
used to recognize objects of various types other than faces, 
Such as vehicles, armament, and so on. Accordingly, the 
invention is not limited except as by the appended claims. 
I/We claim: 

1. A method in a computer system for generating a 3D 
image of an object, the method comprising: 

providing a 3D model of an object, the 3D model includ 
ing a 3D image of a standard object and parameters 
indicating variations of an individual object; 

receiving a 2D image of the object; 
locating feature points of the 2D image of the object; 
calculating parameters that map the located feature points 

of the 2D image to feature points of a 2D representation 
of the 3D image of the standard object; and 

setting points of the 3D image of the object using the 
provided 3D model and the calculated parameters. 

2. The method of claim 1 wherein the 3D model is 
represented by the following equation: 

S–S+Poi 

where S=(X, Y, Z, X2, . . . Y., Z)"et", X, Y, and Z 
are coordinates of the n points, S represents the stan 
dard object, e3"" is the matrix of the first m eigen 
vectors of S, and ci-(c., C., . . . C.)"e" are the 
parameters. 

3. The method of claim 1 including aligning the 2D image 
of the object with the feature points. 

4. The method of claim 1 including interpolating non 
feature points of the 3D image of the object based on the set 
feature points. 

5. The method of claim 1 including texture mapping the 
2D image of the object onto the 3D image of the object. 
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6. The method of claim 5 including interpolating the 
texture map in an area occluded by the 3D image of the 
object. 

7. The method of claim 1 wherein the feature points in the 
2D representation of the 3D image of the standard object are 
two of the three coordinates of the 3D image of the standard 
object. 

8. The method of claim 1 including generating the 3D 
image of the standard object by normalizing 3D images of 
objects and taking the average of the 3D images. 

9. The method of claim 8 wherein the 3D model includes 
a 3D image of a standard object and an eigenvector matrix 
of the 3D image of the standard object adjusted by a 
parameter vector. 

10. The method of claim 1 including: 
receiving a 2D image of a target object; 
generating 3D images of the object at different image 

conditions; and 
comparing the 2D image of the target object with 2D 

images derived from the generated 3D images to deter 
mine whether the target object matches the object. 

11. A computer-readable medium containing instructions 
for controlling a computer system to generate a 3D image of 
a face, by a method comprising: 

providing a 3D model for a face, the 3D model combining 
3D points of a standard face and parameters, the 
parameters representing variations of an individual face 
from the average face; 

receiving a 2D image of a face; 
locating feature points of the 2D image of the face; 
calculating parameters that map the located feature points 

of the 2D image to a 2D representation of the 3D points 
of the standard face; and 

setting points of the 3D image of the face based on the 
provided model using the calculated parameters. 

12. The computer-readable medium of claim 11 wherein 
the 3D model is represented by the following equation: 

S–S+Poi 
where S=(X, Y, Z, X2,...Y., Z)"est", X, Y, and Z 

are coordinates of the n points, S represents the stan 
dard face, Pe"*" is the matrix of the first m eigen 
vectors of S, and d=(C, C. . . . C.)"e" are the 
parameters. 

13. The computer-readable medium of claim 12 wherein 
the 3D model uses a subset of the n points that represents 
feature points. 
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14. The computer-readable medium of claim 11 including 
interpolating non-feature points of the 3D image of the face 
based on feature points set based on the provided model and 
parameters. 

15. The computer-readable medium of claim 11 including 
texture mapping the 2D image of the face onto the 3D image 
of the face. 

16. The computer-readable medium of claim 15 including 
interpolating the texture map in an area occluded by the 3D 
image of the face. 

17. The computer-readable medium of claim 11 includ 
1ng: 

receiving a 2D image of a target face; 
generating 3D images of the face at different image 

conditions; and 

comparing the 2D image of the target face with 2D images 
derived from the generated 3D images to determine 
whether the target face matches the face. 

18. A computer-readable medium containing instructions 
for controlling a computer system to generate a 3D image of 
a face, comprising: 

a 3D model for a face, the 3D model combining 3D points 
of a standard face and parameters, the parameters 
representing variations of an individual face from the 
standard face; 

a 2D image of a face; 
a component that calculates parameters that map points of 

the 2D image to 2D points derived from the 3D points 
of the standard face; 

a component that sets points of the 3D image of the face 
based on the provided model using the calculated 
parameters; 

a component that texture maps the 2D image of the face 
onto the 3D image of the face; and 

a component that generates 2D images of the face from a 
texture mapped 3D image of the face at varying image 
conditions. 

19. The computer-readable medium of claim 18 wherein 
an image condition is a pose, an illumination, or an expres 
Sion. 

20. The computer-readable medium of claim 18 including 
a component that interpolates non-feature points of the 3D 
image of the face based on set feature points. 
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